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Soft Water for the Home 
By A. M. BuswELL, Chief in Illinois State Water Survey, and 
E. W. LEHMAN , Chief in Agricultural Engineering 
§ OFT WATER is a labor-saver and a money-saver that may be had in every home at a relatively small cost. It may be pro­
vided either thru a cistern supply of rain water or by softening 
clear hard water. 
With a cistern supply of rain water an additional pumping unit- is 
usually required to provide pressure. The cost of this must be con­
sidered in addition to the cost of the cistern. Where a good hard­
water supply from a well is available under pressure, the purchase 
of a water softener usually costs less than the equipment required for 
storing rain water and putting· it under pressure. Water softened by 
being passed thru a softener has the advantage of being of better 
quality than rain water stored in a cistern. 
Both these methods of providing soft water require a certain outlay 
for equipment and must be given occasional attention if satisfactory 
results are to be obtained. The choice between the two methods lies 
largely with the individual home owner. 
DISADVANTAGES OF HARD WATER 
Water is spoken of as hard when it contains liberal amounts of 
lime, magnesia, and iron. The inconveniences and discomforts of hard 
water for all purposes except drinking and cooking are universally 
recognized. 
The white or brownish scale formed in teakettles in which hard 
water has been boiled is composed of lime and magnesia. A poor 
conductor of heat, this scale results in wasted fuel when water is heated 
in vessels that are covered with it. This may not be a large item in the 
case of teakettles, but it is one of some importance when the scale 
clogs the coils of a "hot waterback" in a stove or furnace and prevents 
the circulation of the water. Clogged coils are likely to burn out. The 
pressure caused by the stoppage may even cause the pipes to burst, 
letting water flow in on the fire. [n some cases explosions have oc­
curred.. 
Another disadvantage of hard water is that lime and magnesia 
react chemically with soaps and washing powders and throw out a 
sludge or scum which sticks to the clothes that are being washed and 
causes spots and stains. A family of five using water of average 
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hardness for Illinois loses or wastes at least 70 pounds of soap a year 
besides suffering the inconveniences and discomforts resulting from 
the use of hard water. Persons with tender skins often suffer a rash 
or skin irritation from bathing in hard water. 
Water containing large amounts of iron turns brown upon stand­
ing and stains pails and utensils. It frequently stains or yellows white 
clothes and household linens when they are being laundered. Addi­
tional bleach or bluing used to destroy the iron stains attacks the fiber 
and shortens the life of the cloth. 
ARRANGING FOR ADEQUATE SUPPLY OF 
CLEAN RAIN WATER 
If a sufficient quantity of clean rain water is to be supplied for 
household use, adequate provision must be made for collecting the 
supply needed, for eliminating contaminating materials by screening 
and filtering, for sufficient storage capacity, and for equipment for 
making the water convenient for use. 
Collecting Rain Water 
The roof of the house and the roofs of surrounding buildings, 
where the area of the house roof is small, are the most common 
sources of the rain-water supply. Because the supply is collected from 
the roof, it is liable to all sorts of contamination in the form of dust, 
soot, insects, bird droppings, etc. , and since rain water is an especially 
good solvent, it is easily and quickly contaminated. The first step, 
therefore, in collecting a rain-water supply is to be sure the roof is 
thoroly cleaned by rains before the water is allowed to run into the 
cistern. 
To insure clean rain water, the down spouts should be disconnected 
from the cistern at all times except when water i's to be stored. Cut-off 
valves may be used for this purpose. Under such an arrangement the 
roof is washed thoroly clean by the first rains, and this water is car­
ried away by a drain before any water is allowed to flow into the 
cistern. Down spouts and gutters should be inspected at regular in­
tervals to see that they are free from leaves and other contaminating 
materials. 
Screening and Filtering Rain Water 
The chief purpose of a cistern filter is to remove the foreign ma­
terial that is carried in suspension in the rain water being collected. A 
screen should be provided that will remove all coarse material, such 
as leaves and other objectionable matter that is washed from the roof, 
before the water reaches the filter proper. The filter should have a 
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sufficient number of square inches of surface to allow for sedimenta­
tion before filtration; it should be so constructed that the sediment 
can be conveniently removed; and the filtering material should be 
capable of easy cleaning and renewing. 
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FIG. 1.-GRAVITY FILTER SHOWING DowN-SPouT CoNNECTION 
This type of filter can be made in the form of a cylinder. A tile 2 feet in 
diameter and 2l/z feet long is adequate. 
lVIany people seem to feel that the installation of a filter is the 
final solution of their problem of obtaining a clean rain-water supply. 
It should be remembered, however, that neglected filters may be a 
source of filth and serve as little more than a screen so far as the 
water is concerned. No filter is of value very long if it is not carefully 
cleaned after use. 
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A type of filter commonly used is the downward flow gravity filter 
shown in Fig. 1. The water flows from the down spout directly into 
the filter, thru the filtering material, and into the cistern. The filter 
is nothing more than a box with a layer af coarse gravel or crushed 
rock in the bottom, covered with a 6- or 8-inch layer of charcoal, with 
an 18-inch layer of coarse sand on top. The waste material accumulates 
on top of the sand and should be cleaned out after each rain. 
FIG. 2 .-UPWARD-FLOW FILTER WITH DRAINS 
This filter is 40 inches by 48 inches and 52 inches deep. (A) Sump drain 
valve handle, (B) valve sleeve, (C) inlet, (D) wire screen, (E) sand, (F) 
charcoal, (G) coarse gravel, (H) grate with wire cover, (J) waste drain, and 
(K) sump drain. 
The filter shown in Fig. 2 is a concrete box provided with a drain 
thru which the water can be discharged when it is not flowing into the 
cistern and which serves as a drain for the filter when it is not in use. 
A screen is provided which removes all coarse material. By means 
of a hose or a few buckets of water, the inlet side of the filter may be 
easily washed clean without disturbing the cistern supply. The top 
is water-tight but may be easily removed when it is desired to renew 
the filtering material. 
Providing for Storage 
Rain water may be stored either aboveground or underground. 
When located where there is little danger of freezing, aboveground 
storage is quite satisfactory. If the catchment roof is reasonably high, 
a storage tank may be. placed high enough to provide pressure directly 
from the tank without the necessity of pumping. Tanks of this type 
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are usually made of wood or of galvanized iron and are placed ad­
jacent to or within the building from which the water is collected. 
The most common type of storage for rain water on Illinois farms 
is the underground cistern. It is usually of masonry construction, of 
concrete, brick, or plaster applied directly to the earth surface after 
excavating. The walls of the cistern should be made absolutely water­
tight to prevent leakage and to avoid seepage water gaining entrance. 
A cistern should not be located too near trees because of the possi­
bility of the roots cracking the walls by their pressure. Trouble from 
this source is most likely to occur with plaster-on-earth masonry. 
Construction of Cistern 
Cistern Design.-The most common cistern designs are the cylin­
drical and the simple rectangular type. Either is satisfactory. Cisterns 
CORE 
PLASTER ON WIRE 
FASTENED TO EARTH WALL 
FIG. 3.-CYLINDRICAL PLASTERED CISTERN 
Cement plaster is applied directly on the earth or to woven wire fastened to 
the earth by staples. To construct the arch at the top, a platform is built and a 
core is made of moist clay to serve as a form. 
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with conical bottoms are used to a limited extent. By extending the 
overflow pipe to the low point of the cone, practically all the sediment 
is automatically washed out. The cone bottom is of little value, how­
ever, unless the slope of the sides of the cone is at least one to one 
( 45 degrees). 
..... 
JOIST 
MASONRY 
MEMBRANE WATERPROOFING 
CEMENT PLASTER 
HOSE BIBB 
FIG. 4.-REcTANGULAR CoNCRETE CISTERN SHOWING DowN-SPouT CoNNECTION 
This cistern is built as an integral part of the basement wall under the 
house. · The pan set in the floor allows complete drainage. 
Size of Cistern.-The size of a cistern that will serve all practical 
purposes is dependent on three factors: ( 1) the requirements of the 
household, (2) the amount and frequency of the rainfall, and (3) the 
amount of roof area from which water is collected. . 
The amount of soft water used by a family will depend on the 
kind of equipment in the house as well as on the number of persons in 
the household. Where all water is pumped by hand, considerably less 
is used than where there is an electric pumping unit that supplies water 
---
Depth of 
cistern 
ft. 
6....... . ..... . 
7.............. 
8.............. 
9 .. ........ . ... 
10............. 
11. ..... . ...... 
12..... 0 . 0 •• • •• 
TABLE i.- CAPACITY OF PLAIN CYLINDRICAL CISTERNS AND TANKS 
Capacity of cistern with diameter indicated 
6 feet 11 feet 
gals. 
. . . . . 
. . . . . 
1 904 
2 115 
2 327 
2 537 
bbls. 
.. 
.. 
.. 
60 
67 
74 
81 
7 feet 8 feet 9 feet 10 feet 
gals. 
. .. . . 
2 015 
2 303 
2 591 
2 879 
3 167 
3 455 
gals. gals.bbls.1 bbls. gals.bbls. bbls. 
2 256 2 855 91. . 72 3 525 112 
2 632 3 33164 84 106 4 113 131 
1213 008 96 3 80773 4 700 149 
107 4 283 13682 3 384 5 288 168 
11991 3 760 4 759 151 5 875 187 
101 131 1664 132 5 235 6 463 205 
143 181110 4 512 5711 7 050 224 
gals. 
4 265 
4 976 
5 687 
6 398 
7 109 
7 820 
8 531 
bbls. 
135 
158 
181 
203 
226 
248 
271 
12 feet 
gals. bbls. 
5 076 161 
5 922 188 
6 768 215 
2427 614 
8 460 269 
9 306 295 
10 152 322 
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"1 
'"'l 
~ 
'"'l 
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~ 
:::d 
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1:'1 
~ 
0 
~ 
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10ne barrel equals 31}1 gallons. 
.0 
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under pressure in the bathroom, kitchen, and laundry. Five gallons of 
soft water per person per day is a fair estimate of what will be needed 
where there is plenty of hard water under pressure. A larger quantity 
should be provided if there is sufficient roof area for collecting and 
adequate facilities for storing it. 
TABLE 2.- CAPACITY OF RECTANGULAR CISTERNS 
Depth of 
Capacity of cistern with cross~section indicated 
cistern 6 x 6 feet 8 x 8 feet 10 x 10 feet 
ft. 
6.. .. . ... .. . . .. . . . .. . . . 
7 . . ..... .. . ... . . ... .. . . 
8 . . .. ... .. ... . . . . . ... .. 
9 . . . . . .... .. .... .. .. ... 
10 . . .. . .... .. .... . ... .. 
11 .. . . . . .. ... ... .... ... 
12 . ..... . ... . . . .. . . .... 
gals. bbls. 
. . . .. . . 
1 890 60 
2 160 68 
2 430 77 
2 700 85 
2 970 94 
3 240 102 
gals. bbls.1 
2 880 91 
3 360 106 
3 840 122 
4 320 137 
4 800 152 
5 280 167 
5 760 183 
gals. bbls. 
4 500 143 
5 250 166 
6 000 190 
6 750 214 
7 500 238 
8 250 262 
9 000 286 
10ne barrel equals 31 Y2 gallons. 
A careful study of the rainfall distribution thruout the year will 
make it possible to design a cistern of sufficient capacity if there is 
adequate roof area. At least one-third of the rainfall should be de­
ducted to tak__e care of leakage, evaporation, and amount to :vash roof. 
In storing water, sufficient storage capacity should be provided so 
that water accumulated during the rainy period will take care of the 
needs of the household during the dry period. Since under Illinois 
conditions it is not desirable to collect rain water during the winter 
months, sufficient storage should be provided for at lea t a six-months' 
supply .. 
The average annual rainfall in central Illinois varies from 28 to 
48 inches; the monthly average varies from ;4 inch to 11;;2 inches. An 
easy method of determining the number of gallons collected at any 
period is to multiply the square feet of roof area by the inches collected 
and divide by 1.6. With a 30-by-40-foot roof and 1;;2 inches of rain­
1200 X 1.5fall collected, the number of gallons would equal . , or 1,125.
1 6 
A family of five using 5 gallons of soft water per person per day 
uses 9,125 gallons a year, or 4,562 gallons during each six-month 
period. If a minimum of 1,125 gallons is collected during the six 
months of low storage, 3,437 gallons would have to be on hand at the 
beginning of the period, which means that the cistern should have at 
least this capacity. If, however, it is desired to provide a six-months' 
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reserve, the cistern should hold 4,562 gallons instead of 3,437. On 
this basis, the entire amount of water used during the year would be 
collected during a six-month period, and half of it used and half stored. 
I 
I 
ICK OR CONCREr 
FIG. 5 .-BRICK OR CONCRETE CISTERN 
A brick cistern can be built with either a reinforced concrete slab top or 
with a brick arch. A concrete slab top should be 6 inches thick with Yz inch 
reinforcing rods spaced 6 to 10 inches apart near the bottom of the slab, as 
shown in the above plan. 
During a year when the rainfall is as low as 28 inches, it would 
be possible to collect 12 inches of water during the six months of water 
12 X 1200) .
storage, or 9,000 gallons . . A c1stern 8 feet deep and 10( 1 6 
feet in diameter, which has a capacity of 4,700 gallons (Table 1), 
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should be ample if the water is collected as outlined. A cistern 8 feet 
square and 10 feet deep will hold 4,800 gallons (Table 2). 
Material U sed.-Cisterns in Illinois are commonly constructed of 
brick laid up in cement mortar and plastered on the inner surface. The 
plaster-on-earth construction is satisfactory where the soil is well 
drained, stands firm, and where there is little likelihood of its caving. 
Several coats of a rich cement mortar applied about an inch thick make 
a satisfactory lining. With a brick wall construction the excavation 
should be at least 10 inches greater in diameter than the desired diame­
ter of the finished cistern; with a plaster-on-earth cistern it should be 
greater by at least twice the thickness of the plaster. 
Concrete is being used to a large extent in constructing cisterns 
where they are built as an integral part of the basement wall of the 
house. Cisterns built of concrete are usually square or rectangular in 
cross-section. Such a design lends itself more readily to the construc­
tion of a form. The concrete should be made of good material mixed 
with the proper amount of water, and it should be carefully placed to 
be dense and water-tight. In a concrete mixture the cement and water 
form a paste. If too much water is used, th~ paste will be thin and 
weak and the concrete will not be water-tight. 
In making concrete, SYz gallons of water with each sack of cement 
will ·make water-tight concrete if the sand and gravel used are dry.1 
If the sand and gravel are moist, use only 4~ gallons of water; if they 
are wet, use only 3~ gallons of water. To secure the right consistency 
of concrete mix a trial batch, using a 1:2:3 mix ( 1 part cement, 2 parts 
sand, 3 parts gravel) with the required amount of water. If this mix­
ture is too dry, discard it and mix another, using less sand and gravel. 
If the first mix is too wet, add sand and gravel. Care must be taken 
not to vary the water used per sack of cement. 
Make the floors and the wall in one continuous piece. Make the 
walls at least 6 inches thick with % inch reinforcing rods spaced 6 
inches on centers. 
Care of Water in Cistern 
Care in a New Cistern.-The water in a new cistern or in a cistern 
that has been repaired is likely to be hard owing to the fact that the 
lime from the plaster or cement dissolves to some extent in the water. 
Sometimes such water is harder than ordinary well water in the imme­
diate vicinity. Thoro curing and setting of the plaster will reduce 
this difficulty. 
1Details of concrete construction may be obtained from the Portland 
Cement Association, 33 Grand Avenue, Chicago, Illinois. 
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Curing may be hastened by sponging or washing the surface of 
the new plaster or cement with a strong solution of ordinary baking 
soda (sodium bicarbonate) before allowing the cistern to fill with rain 
water, or by filling the cistern with well water and allowing it to stand 
a few days before emptying it, repeating the treatment if necessary. 
Where this condition has not been anticipated and the cistern has 
been allowed to fill with rain water, the quality of the water may be 
improved by adding one or two pounds of baking soda to the water in 
the cistern. The baking soda should first be stirred into a gallon of 
water, and then thoroly mixed with the cistern water. It is not ad­
visable to drink water treated in this way because it is so highly alka­
line, but it may be used for washing. 
Treatment to Remove Color.-Even with a cistern carefully con­
structed and well cared for, it is not always possible to keep the water 
free from undesirable substances. 
Soot from soft coal does not wash easily from the roof so that 
even tho the first part of the water from each rain is drained away, 
the water collected in the late fall or early spring is apt to be dark. 
The water in the cistern sometimes gets very dark if collected during 
the winter months. This color can be removed by adding alum and 
soda to the water. These two chemicals form a sludge or sediment all 
thru the water. When this sediment settles, it carries the color with it. 
The chemicals should be prepared carefully and used as directed 
below. The wrong proportion of chemicals will give poor results. 
Make up two solutions as follows: 
Solution No. 1. Dissolye ~ pound of ordinary baking soda (sodium bi­
carbonate) in 1 gallon of water. 
Solution No. 2. Dissolve 1 pound of alum (potassium aluminum sulfate 
crystals) in Yz gallon of water. ("Filter alum"-aluminum sulfate-is cheaper 
than alum and may be used if available. Use Yz pound to Yz gallon of water. 
Do not use "burnt alum.") 
Determine the amount of water in the cistern by multiplying the 
area of the cistern by the actual depth of water ( 1 cubic foot contains 
7Yz gallons). For each 30 gallons of water in the cistern, add Yz pint 
of solution No. 1 and stir. Next add ~ pint of solution No. 2 for 
each 30 gallons of water and stir again. Allow 24 houFs for ·the pre­
cipitate which the solutions will have formed to settle to the bottom, 
carrying the color with it. The water above the precipitate will be 
found clear and ready for use. 
The amount of sediment precipitated by this method is relatively 
small and will not caus~ any inconvenience. A certain amount of mud 
and dirt always accumulates in a cistern; this should be removed, 
together with the precipitate from chemical treatment, once a year. 
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Deodorizing Cistern Water.--Leaves sometimes get into a cistern 
and produce a musty odor, and occasionally in spite of all precautions 
a mouse or other small animal will work its way in and get drowned. 
The proper thing to do in such cases is to give the cistern a thoro 
cleaning. In dry years, when this .waste of the ~ater may be a serious 
inconvenience, the water may be deodorized and made satisfactory for 
all uses except drinking, by treatment with chlorid of lime. This 
chemical burns up the odor effectively. Chlorid of lime has an odor 
of its own which may ·be disagreeable if too much is used, but this 
chemical odor will usually not last more than 24 hours. 
Bleaching powder, sometimes called chlorid of lime or calcium 
hypochlorite, may be used for deodorizing and disinfecting cisterns. It 
may be purchased at mos~ grocery or drug stores. Good-quality bleach­
ing powder should be of a powdery consistency. If it is damp or pasty, 
it has lost its strength. 
Put about a tablespoonful of bleaching powder in a porcelain, 
glass, or crockery dish, add 2 or 3 tablespoonfuls of water, and mix 
to a paste.. The mixture will tend to lump a little just as flour does 
when making gravy. Rub out the lumps with a spoon and then add 
about a quart of water. Stir thoroly and pour the solution into the 
cistern, mixing it thoroly thru the cistern by stirring the water with 
a long board or paddle. 
If this treatment is not adequate, use a second dose, or more if 
necessary. This chemical is harmless unless used in excessive amounts. 
SOFTENING WELL WATER I.N CISTERNS 
Thru the central part of Illinois the water from drilled wells is 
often of such a character that it can be softened by a very simple 
chemical treatment. In such cases, if the cistern is empty, it is a simple 
matter to fill it with well water, add the necessary chemical, and 
produce a water which in many respects is better than rain water. Gen­
eral directions for this treatment, however, cannot be given, since an 
analysis of the water to be treated is necessary, but further particulars 
may be obtained from the Illinois State Water Survey, Urbana. 
USING A ZEOLITE WATER SOFTENER 
The most satisfactory water for household use is obtained by filter­
ing the water from the regular well supply thru a special kind of sand 
placed in a water softener. This sand belongs to a class of minerals 
known as the zeolites. These minerals have a rather surprising ability 
to take lime and magnesia out of water, but what is even more im­
15 
portant, these zeolite sands will give the lime and magnesia up again 
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if they are soaked in a solution of ordinary salt. 
These curious properties, the ability to take up lime and magnesia 
from water and to give it up again when soaked in salt, are made use 
of in softeners in the following way. A tank, something like a hot­
water tank but provided with special valves and bottom, is filled to 
within a foot or more of the top with zeolite sand, which comprises 
f SPECIAL VALVE 
FrG. 6.-PRrNcrPAL PARTS oF A ZEOLITE WATER SoFTENER 
In the above illustration the water to be softened flows downward thru 
the sand bed. 
the softener. This softener is connected to the plumbing system in such 
a way that the water to be softened will be allowed to flow thru the 
sand bed. The lime and magnesia are completely removed and the 
water completely softened. 
The amount of water that may be softened in this way without 
regenerating the softener depends on the amount of lime or magnesia 
in the water and the amount of zeolite sand in the softener. When 
the maximum amount of water capable of being softened has been 
passed thru the softener, the filtering sand must be regenerated by 
treatment with salt. To do this the water is shut off and 4 to 6 pounds 
of salt, or an equivalent quantity of salt solution, is put into the soft­
ener thru an opening provided for this purpose. The exact amount of 
16 CIRCULAR No. 393 
salt required depends on the size of the softener. The valves are now 
arranged so that the salt is washed thru the softener and into a waste 
line or sewer. When the salt is all washed out, the valves are again 
changed so that the water from the softener will flow into the plumb­
ing system. 
Fifteen to thirty minutes are required to regenerate a softener · in 
this way, and the process has to be repeated once a week or once in 
two weeks, depending on the amount of water used. The softening 
equipment is not much trouble to care for. 
Zeolite softeners may be obtained thru local dealers apd from mail 
order houses. They can be operated on the pressure of the usual 
private water supply. Where city pressure is available, the water will 
filter thru somewhat faster. The softened water is just as healthful 
as is hard water. For certain persons it is better. The water is un­
changed save that an equal amount of soda is substituted for the lime 
and magnesia taken out. The amount both of soda and of lime is so 
small (a few hundredths of one percent) that it is insignificant from 
the standpoint of quality for drinking. 
The first cost of a softener is about the same as the cost of an 
electric pumping unit used with a cistern, not considering the cost of 
the cistern. About 1 pound of salt is required for each 100 gallons of 
water softened, or 100 pounds of salt for a year's supply of 10,000 gal­
lons, at a cost of about two dollars. A small amount of time is re­
quired to regenerate the softener. 
Further information about water softeners can be obtained thru 
local dealers. 
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